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Background: The aims of this study are to determine the
distance of the external surface of the buccal cortical plate to
the inferior alveolar canal in the mandibular molar region
and to propose a safe thickness for harvesting a mandibular
ramus block graft.
Methods: Thirty-four cadavers consisting of 26 dentate
jaws and eight jaws in the edentulous molar region were
used in this study. All mandibular ramus grafts were harvested
by one investigator with the grafts extending from the external
oblique ridge (EOR) and 15 mm inferiorly in the apico-coronal
direction and extending from the mid-buccal aspect of the first
molar to the mid-buccal aspect of the third molar in the mesio-
distal direction. Measurements were made of the cortical bone
thickness of the harvested ramus graft and from the cemento-
enamel junction (CEJ) to the EOR, the CEJ to the mandibular
border, and the CEJ to the inferior alveolar nerve (IAN).
Results: The average buccal cortical plate thickness in den-
tate mandibles was 2.76 – 0.13 mm, whereas in edentulous
posterior mandibles it was 2.52 – 0.32 mm. The IANs were
exposed in all jaws but were intact.
Conclusion: The safe thickness to harvest ramus grafts was
determined to be 2.5 to 3.0 mm. J Periodontol 2010;81:239-
243.
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S
everal types of bone grafts are
available for use in alveolar ridge-
augmentation procedures. These
include autogenous bone grafts that are
obtained directly from the patient, allo-
graft materials obtained from genetically
dissimilar members of the same species
consisting of frozen cancellous bone and
marrow and freeze-dried bone, xeno-
grafts procured from different species,
and alloplasts, which are synthetic or
inorganic graft materials.1,2 With the
advent and rapid development of allo-
grafts, several limitations of using auto-
grafts, such as morbidity, time spent on
harvesting the graft, and the limited
volume and dimension of bone avail-
able, were addressed.3 However, numer-
ous studies4-8 using autogenous bone
grafts in ridge-augmentation procedures
consistently yielded favorable results,
and autogenous bone grafts are still
considered the ‘‘gold standard’’ in alve-
olar ridge augmentation.9,10 The choice
of a secondary surgical site is often
based on the quantity of desired bone
and the type of desired graft. The ramus
graft usually yields a graft that is longer
in length but not as thick as a symphysis
graft because of the proximity of the
inferior alveolar canal to the buccal
surface of the external oblique ridge
(EOR). Currently, there is a paucity of
literature providing data to aid our un-
derstanding of applied anatomy in this
area of the oral cavity. Therefore, the
aim of this study is to determine the
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distance of the external surface of the buccal plate to
the inferior alveolar canal in the mandibular molar
region and to propose a safe thickness for harvesting
a mandibular ramus block graft to minimize the
complications associated with this procedure.
MATERIALS AND METHODS
A total of 34 white cadavers consisting of 26 dentate
jaws and eight edentulous jaws in the molar region
were used in this study. A full-thickness buccal perios-
teal flap was reflected, and mandibular ramus grafts
were harvested by two investigators (JL, DL), from
the molar regions with the superior cut made along
the EOR, the inferior cut 15 mm from the superior
cut, and the anterior and posterior cuts made on the
mid-buccal aspect of the first and third molars (Fig.
1). These cuts were performed using a microsaw,
and a bone chisel was used to engage the superior
cut. The ramus graft was procured by gently malleting
the entire length of the cut along the EOR. Care was
taken to place the chisel parallel to the lateral surface
of the ramus to avoid injury to the inferior alveolar
nerve (IAN). In all 34 cadavers, a rectangular piece
of graft was obtained with the exposure of the IAN,
but the nerve was kept intact in all jaws.
Four different measurements were made on the
buccal aspect of the molars by a calibrated examiner
(DL): 1) the distance from the cemento-enamel junc-
tion to the EOR (CEJ–EOR), 2) the distance from the
CEJ to the mandibular border (CEJ–MandB), 3) the
distance from the CEJ to the IAN (CEJ–IAN), and
4) the cortical bone thickness of the harvested block
graft. In edentulous jaws, the CEJ–EOR distance was
measured from the mid-crestal ridge position to the
EOR. Whenever a molar tooth was missing, measure-
ments were taken 15 mm away from the distal surface
of the terminal tooth. In edentulous jaws, each molar
measurement was taken 15 mm apart from the distal
surface of the second premolar. All measurements
were made with a single Boley gauge caliper. With
the data collected, Q-Q plots were charted, which in-
dicated that the data were normally distributed. The
data collected were subsequently statistically ana-
lyzed using the independent two-sample t test.
RESULTS
All measured distances were averaged as a combined
group according to dentate and edentulous groups.
On average, CEJ–EOR values were greater for den-
tate jaws compared to the crestal ridge-to-EOR dis-
tance in edentulous jaws (8.76 – 1.62 mm versus
6.18 – 1.47 mm, respectively), although the differ-
ence was not statistically significantly different (P =
0.110). Correspondingly, CEJ–MandB (22.27 –
1.63 mm) and CEJ–IAN (12.24 – 0.58 mm) values
were greater in dentate jaws compared to the crestal
ridge-to-MandB (17.45 – 1.22 mm) and crestal ridge-
to-IAN (9.98 – 0.70 mm) distances in edentulous
jaws, and both of these differences were statistically
significantly different (P <0.05 for both) (Table 1).
On the other hand, the difference between the buc-
cal cortical plate thickness from dentate jaws was not
statistically significantly larger compared to that from
edentulous jaws, although a slightly thicker graft was
obtained in the former. The average buccal cortical
plate thickness in dentate mandibles was 2.76 –
0.30 mm, whereas that in edentulous posterior man-
dibles was 2.52 – 0.32 mm (P = 0.309). The mean
buccal cortical plate thickness for all 34 jaws was
2.7 – 0.15 mm. The 95% confidence interval obtained
for this mean cortical bone thickness was 2.436 to
2.9636.
Figure 1.
Diagrams illustrating the location of ramus-graft harvesting and locations of each measurement for dentate jaws (left) and edentulous sites (right).
A = CEJ–IAN; B = CEJ–MandB; C = CEJ–EOR.
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DISCUSSION
The advantages of using mandibular bone grafts in-
clude excellent graft incorporation with little volume
loss11-14 and reduction of surgical and anesthesia
times because the donor and recipient sites are both
in the same operating region.11,14-16 Furthermore,
autogenous grafts are associated with less morbidity
from graft harvesting compared to those from extrao-
ral sites.11,15,17,18 However, the harvesting procedure
for mandibular ramus grafts are not without complica-
tions, including common complications such as pain,
swelling, postoperative bleeding, mandibular frac-
ture, and IAN damage, which is the most frequently
reported complication.19,20 Furthermore, neurosen-
sory disturbances in the lower lip or mental nerve area
were found to occur even after >1 year after bilateral,
sagittal, split-ramus surgeries, especially if the man-
dibular canal was in contact with the external cortical
bone.21 Therefore, the present study was conducted
to add to the little knowledge we have of the thickness
of the buccal cortical plate in relation to the IAN to aid
the surgeon in reducing neurologic injury when har-
vesting a ramus graft.
Generally, the cortical bone thickness in the man-
dibular retromolar area is ;3.0 to 3.5 mm.22 In a ca-
daver study by Rajchel et al.,23 the thickness of the
buccal cortical plate at the superior-inferior level of
the mandibular canal was found to be thickest at the
second molar region (2.3 – 0.7 mm). This was slightly
different than found in the present study, as the buccal
cortical plate thickness was found to be greatest at the
first molar region (2.9 mm). Also, the mean thickness
of the buccal cortical plate was quantified to be ;1.92
mm in the study by Rajchel et al.,23 which compares to
a thickness of ;2.8 mm calculated in the present
study for dentate jaws and ;2.5 mm for edentulous
jaws. This difference may be accounted for by the
width of the marrow space. In the present study, a
marrow space was not easily found due to the nature
of cadaver specimens. For those that had a marrow
space, the cancellous bone was not preserved during
the harvesting procedure, and therefore, it was impos-
sible to measure a distinct marrow space. Nonethe-
less, based on a previous study by Katranji et al.,24
the width of the buccal cortical plate in the molar re-
gion of the dentate mandible was 1.98 – 0.81 mm,
whereas in the edentulous mandible it was 2.06 –
0.69 mm. Hence, by simple subtraction, the width of
the marrow space can be estimated to be ;0.78 mm
in the dentate posterior mandible and ;0.46 mm in
the edentulous posterior mandible.
As the IAN was exposed in all 34 cases with no
damage to the nerve after procurement of the ramus
graft, it is reasonable to infer that a safe thickness to
harvest for a ramus graft in the region of the molars
would be ;2.5 to 3.0 mm. Moreover, the confidence
interval calculated in this study is less than the con-
ventional distance of ;3.0 to 3.5 mm.22 Therefore,
there is significant evidence that the safety zone for
harvesting a mandibular ramus graft is a depth of
;2.5 to 3.0 mm from the external surface of the buc-
cal plate in the mandibular molar region.
Table 1.
Measurements (mm; mean – SD) in Each Tooth Location
Measurement First Molar Second Molar Third Molar Mean – SD P Value
CEJ–EOR
Dentate 10.22 – 5.27 9.05 – 3.94 7.02 – 2.55 8.76 – 1.62 0.110
Edentulous 7.80 – 3.15 5.80 – 2.42 4.94 – 1.98 6.18 – 1.47
Overall 9.58 – 4.86 8.28 – 3.87 6.58 – 2.59 8.15 – 1.50
CEJ–MandB
Dentate 21.30 – 6.70 21.37 – 5.61 24.15 – 4.64 22.27 – 1.63 0.015*
Edentulous 16.53 – 1.97 16.99 – 2.27 18.83 – 7.19 17.45 – 1.22
Overall 20.17 – 6.25 20.34 – 5.34 22.90 – 5.70 21.14 – 1.53
CEJ–IAN
Dentate 12.82 – 6.31 11.67 – 5.58 12.24 – 4.20 12.24 – 0.58 0.012*
Edentulous 9.56 – 3.64 9.58 – 3.73 10.79 – 2.89 9.98 – 0.70
Overall 12.05 – 5.91 11.18 – 5.23 11.90 – 3.94 11.71 – 0.47
Cortical bone thickness
Dentate 2.87 – 0.54 2.79 – 0.64 2.61 – 0.71 2.76 – 0.30 0.309
Edentulous 2.43 – 0.75 2.88 – 0.80 2.26 – 0.36 2.52 – 0.32
Overall 2.76 – 0.62 2.81 – 0.67 2.53 – 0.65 2.70 – 0.15
* Significant at P <0.05.
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As mentioned, in dentate cadaver jaws, the CEJ is
further away from the EOR and the IAN compared to
the crestal ridge distance to the EOR and IAN in eden-
tulous posterior mandibles. This observation could
be explained by the fact that, with the loss of teeth,
the alveolar ridge resorbs,25-27 therefore bringing the
CEJ or the crestal ridge closer to the EOR and the
IAN. In the present study, the crestal ridge-to-IAN
distance (i.e., the alveolar ridge height to the IAN)
was, on average, 9.98 mm in edentulous posterior
mandibles. This adds information for the placement
of implants in edentulous posterior mandibles, as it
serves to caution the surgeon that 10-mm implants
are not always feasible in that region of the oral cavity.
Short implants may have to be used in the posterior
mandible to avoid injury to the IAN.
Although we minimized the variables as much as
possible, there are still some limitations in the study.
Some of these include a small sample size and the in-
ability to absolutely control variables such as the age
and gender of the cadavers obtained. These data, as
well as the duration of edentulism in edentulous indi-
viduals, were not available at the time of the study.
CONCLUSIONS
Within the limits of this cadaver study, the mean cor-
tical bone thickness of the ramus graft harvested from
the mandibular molar region was ;2.8 mm in dentate
jaws and ;2.5 mm in edentulous jaws. The overall
mean cortical bone thickness was 2.7 mm, and statis-
tical analysis revealed that there was significant evi-
dence that a ramus graft should be harvested with
a thickness £3.0 mm. As the IAN was exposed in all
cases but not damaged, the safe thickness to harvest
ramus grafts, contrary to common belief, is 2.5 to 3.0
mm. Furthermore, with the loss of teeth, the distances
of the crestal ridge and the EOR to the IAN decreases.
Therefore, the surgeon must bear in mind that there is
an increased risk of nerve involvement when procur-
ing a ramus graft in the apico-coronal direction.
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